Abstract: Qualitative, quantitative and trophic structure of insects found in Eurasian griffon vulture nests were analysed. A total of 249 insects belonging to six orders were found in 18 griffon vulture nests, collected in three colonies on the islands Cres and Plavnik (Adriatic Sea). Eudominant orders were beetles (64.26%) and ants (22.49%). Dermestid beetles were present in all examined nests and comprise the permanent nest fauna. Other groups of insects (cockroaches, web spinners, ants, flies, aphids) were found to occur occasionally in nests.
Introduction
The Eurasian griffon vulture, Gyps fulvus (Hablizl, 1783) , is a western Paleartic species distributed from India, Pamirs and Altai in the east, to Portugal and Spain in the west. In Croatia, the nesting population of the Eurasian griffon is critically endangered, according to IUCN threat categories (Radović et al. 2003) . It remains only in Kvarner Bay, including the islands of Cres, Krk, Prvić and Plavnik. The recent population is estimated to consist of up to 90-100 pairs (Sušić 2002) . The Eurasian griffon vulture is a colonial breeder. In Croatia, it breeds on cliff ledges or in holes on cliffs by the sea. The nests are 50 × 120 cm in diameter and about 25 cm high. The female lays one egg a year, sometimes as early as in December. In the two months of incubation, both parents sit on the egg. After hatching, a chick grows in the nest for four months before it ventures out independently in search for food. During this long period of development, large amounts of the food remain, such as feather, hair, bone and skin which attract a variety of insects and other arthropods (Merkl et al. 2004) .
The composition of nest-dwelling arthropod fauna and its effect on nestling development is an ongoing subject of investigation. Parasitic species may have an indirect effect on hosts as vectors for various pathogens (Muzaffar & Jones 2004) , or can reduce hatching success, nestling growth and post-fledging survival (Clayton & Tompkins 1995) . Snyder et al. (1984) found that larval dermestid beetles occasionally attack chicks causing abdominal lesions.
Other species, especially carnivorous may have positive effect on nestling by reducing the population of parasitic arthropods in the nest. Some species are necrophagous, feeding on keratin from feathers and skin, other are detritophagous feeding on different organic debris . Also, the presence of some insects and other arthropods in nests is accidental, i.e., they enter the nest in search for food or shelter.
The majority of studies on arthropod fauna inhabiting the nests of other bird species have been performed in smaller bird species, due to easy access to their nests (Krištofík et al. 1996 (Krištofík et al. , 2005 Tryjanowski et al. 2001; Majka et al. 2006) . On the other hand, only a few studies have been performed on birds of prey (Neubig & Smallwood 1999; Merkl et al. 2004; Gwiazdowicz et al. 2005; Ontiveros et al. 2008) . To our knowledge, this is the first study exploring the fauna occurring in nests of the Eurasian griffon vulture. The aim of this study is to analyze the qualitative, quantitative and trophic structure of the insect fauna in Eurasian griffon nests.
Material and methods
The material from the nests of G. fulvus was collected in three bird colonies situated on islands of Cres and Plavnik in Kvarner Bay, Adriatic Sea (Croatia) during May 2004 and 2005 (Fig. 1 ). There were two colonies on island of Cres, Kruna (CK) and Podokladi (CP). The Colony Kruna (CK) was situated on the northern part of island Cres, which is mostly covered with oriental hornbeam forests (Carpinus orientalis Mill.). The second colony on Cres, Podokladi (CP), was on the southern part of the island, which is predominantly covered in grasslands. The third colony (PL) was situated on the island of Plavnik where evergreen oak forests (Quercus ilex L.) are well conserved and distributed over the island. In order to protect the population of G. fulvus from collectors of the bird eggs and the illegal trade of rare and endangered species, the exact position of the nests will not be mentioned.
Only active nests with nestlings (chicks) were examined. Two samples of nest material were taken from each nest: a) a sample of material below the nestling and b) a sample of material from the inside of the nests. Samples consist of 1.5-2 dm 3 of dry and rotten twigs and tufts of grass and animal remains (such as bones, skin, hair and feathers). A total of 18 nests were examined. Nest material was placed in plastic bags and the contents preserved in 70% alcohol. Insects were carefully isolated from the nest material and identified under a Carl Zeiss stereomicroscope at 10-50× magnification. Some beetles were stabbed on entomological needles and exhibited at the Rijeka Natural History Museum.
Insects were identified up to the species and genus level using Kuhnt (1913) , Brohmer et al. (1936) , Freude et al. (1964 Freude et al. ( , 1974 , Chinery (2000) , Czechowski et al. (2002) , Fontana et al. (2002) and comparative material from Croatian Natural History Museum, Zagreb. According to the feeding habits, the identified insects were divided into five trophic groups: carnivorous (Ca), coprophagous (Co), detritophagous (De), necrophagous (Ne) and phytophagous (Ph). Trophic groups were taken from the above papers and from and Krištofík et al. (2002) . Dominance (D) determines the percentage of specimens of a given taxon in the total number of insects collected at the study site. Five categories of dominance were established: eudominant (≥ 10%), dominant (5-9.99%), subdominant (2-4.99%), recedent (1-1.99%) and subrecedent (< 1%). Constancy of occurrence (C) shows the relation between the number of nests where a given species occurred and the number of all nests sampled from the studied site. The following categories of constancy were established: euconstant (76-100%), constant (51-75%), accessory (26-50%) and accident (≤ 25%) species/higher taxon.
Species diversity was calculated using the ShannonWiener's index (H ) using Ecological Methodology software. The similarity among study sites according to insects abundance was determined using cluster analysis. For cluster analysis and nonparametric Kruskal-Wallis test the STA-TISTICA package was employed (copyright c StatSoft).
Results

Community biodiversity and abundance
In the material taken from the nests of the Eurasian griffon vulture, a total of 249 specimens of insects belonging to 30 taxa and six orders were isolated (Table 1). Eudominant and euconstant order of insects were beetles (Coleoptera, D = 64.26%), which were mostly represented by the Dermestidae family (55.02% of all insects). Hymenoptera, with the family Formicidae (ants), were the eudominant and constant group of insects found in the nests of the griffon vulture. They were mostly represented by the species Lasius emarginatus (Olivier, 1792) True flies (Diptera) were dominant and constant inhabitants, mainly associated with carrion or excrements.
Other groups of insects occurred only occasionally in the nests of the griffon vulture. With respect to the life cycle of insects, almost half of all collected insects were present in the larval stage. Similar qualitative and quantitative structure of insects was found in all three investigated colonies ( Fig. 2A) . Cluster analysis suggested higher similarity in community structure between colonies CK and CP in contrast to colony PL (Fig. 2B) . Similarity between colonies CK and CP also suggested species diversity data. Namely, the highest species diversity was in colonies CK (20 different taxa, H = 3.580) and CP (19 taxa, H = 3.508) in contrast to colony PL (9 taxa, H = 2.193), though these results were not statistically significant (nonparametric Kruskal-Wallis test). Fig. 3 shows the insects trophic structure in the three investigated colonies. Of the specified trophic groups found in the examined nests, necrophages were the most dominant group (relative abundance for three colonies was around 60%). These were followed by carnivores while other trophic groups were present in lower numbers. Most of the necrophages were dermestid larvae (Dermestes spp. and Anthrenus spp.), which were present in all three colonies. The carnivorous trophic groups in CK and CP were mostly represented by ants, while in PL this group was present in lower numbers.
Trophic structure
Discussion
Beetles found in G. fulvus nests were mostly attracted to food remains that accumulated throughout the nesting period. The two most abundant species, Dermestes frischi Kugelann, 1792, and Anthrenus goliath Mulsant et Rey, 1868, were typical necrophages feeding on feathers, hair and dried meat. Similar situation was found in the nests of American kestrel (Falco sparverius L., 1758) and in the nests of saker (Falco cherrug Gray, 1834), where most of the beetle fauna were scavengers and necrophages (Neubig & Smallwood 1999; Merkl et al. 2004) . Dermestes spp. and Anthrenus spp. in the G. fulvus nests were present in the larval stage, so it can be assumed that their entire life cycle is closely tied to G. fulvus nests. The dermestid family is present in high percentages in the nests of house (Passer domesticus L.,1758) and tree sparrows (P. montanus L., 1758) with 88.5% and 79.7% of individuals belonging to the same family, respectively . With respect to their biology, ants can be considered as occasional findings in the bird nests. Most of the ants found in the G. fulvus nests are known to be predators on small invertebrates or scavengers on dead insects, but their wide ecological valence allows them to feed on seeds, fruit and flower nectar (Detrain & Deneubourg 1997; Czechowski et al. 2002) . As a carnivorous trophic group, ants are representing an important part of the nest community. Predatory ants in the bird nests may control population of smaller arthropods, such as ticks and mites (Duffy 1991) .
In our study half of the collected flies were in larval stage. Inside the nest debris they found suitable condition for development. Adult flies, such as Meoneura and Leptocera also found suitable food in the nests of G. fulvus and other bird species, which mainly consist of carrion or excrements. For instance, species Meoneura prima (Becker, 1903) was determined in the nests of F. cherrug (Merkl et al. 2004) , while Leptocera species (Sphaeroceridae) are often found in various kinds of faeces and rotting vegetation.
Other species of insects were accidental findings. It is presumed that they entered the nests while looking for shelter, or sites rich in dead organic matter which they use for food.
Trophic structure of insects in Eurasian griffon nests is predominantly influenced by food remains which attract a variety of necrophagous species, especially beetles. Similarities in the trophic composition of nest fauna were noted in some owl species, which can be also explained by the strong influence of decaying food (Krištofík et al. 2002; Majka et al. 2006) . In some other bird species such as the red-backed shrike (Lanius collurio L., 1758), lesser grey shrike (L. minor Gmelin 1788) and in some warbler species (Acrocephalus ssp.), this is not the case. Beetle fauna inhabiting the nests of these birds strongly depends on the current compo-sition of beetle fauna living on the plants upon which the nests are built (Krištofík et al. 2001 (Krištofík et al. , 2002 (Krištofík et al. , 2005 .
The present paper provides a basis for exploration of nest fauna and its effects on the biology of the Eurasian griffon vulture, and gives a basis for future exploration of the fauna in the nests of other endangered and protected bird species in Croatia.
